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n ihe-purpose  of t h e s e  t e s t s  wr".s t o  de te rmine  the e f f e c t  of  
K?.cch number on t h e  aerodynamic c h n r c c t e r i s t i c s  of t h e  a i r p l a n e  

hi:gh Ikch  nuxbers .  The 3.erodynamic character is t ics  i n v e s t i -  
m tcd  - w r e  t h c  l i f t ,  drag ,  cmd pitching-moaent c o e f f i c i c n t s ;  
t h e  e f f zc t ive r i e s s '  of t h e  clm;>..t,or, the e l e v a t o r  tcb, ai?Ct t h e  
?,?.lerorz; and t h e  hinge-xoment coef f ' i c i en t s  f o r  t h e  e l e v n t o r  
a i d -  tlic a i l e r o 9 .  Two methods t o  ir?cre?.se t h e  l o n s i t u d i n a l  
c o n t r o l  9.t hi& Xach nuxbcrs were t e s t e d .  They wcrc aux i l -  
i a r y  c o n t r o l  f l z . p s ,  and r2 win:-profile modificpbtion designed 
t o  l o m r  t h e  crit:cc?l M~xh nur3ber o f  t h e  inbonrd lower 
surfcxc? o f  t h e  bring t o  tli..t of  thc uppcr s u r f m e  at 0.1 l i f t  
c o e f f i c i e n t .  

I 

t o  find- m2thod.s of i n c r e a s i n g  t h e  l o n z i t u d i n z l  c o n t r o l  a t  

DESC3IPTICX OF i;ODEL 

Tlic 0, l - j5-ec~t lc  ixoBel w2.s supi-.lied- b3~ tht? aanufs+ctu.rer.  
The s t e c l  wing, fu sc lnge ,  and em?:ennag-c s t r u c t u r e s  were * 

covered with nr.hop.ny. The eIcve. tor  ?.nd z i l ? r o n  were s o l i d  
dmF3. A C',ur;.,:fiy tail fF . i r ing  w ' m  sup;7'';Lieci. f o r  t s - i l -of f  t e s t s .  

r e s i s t F n c e  s t r i ? in  gzge mounted. on a c m t i l c v e r  ma. A s m c l l l  
e l e c t r i c  m o t o r  8.i-d a s l idc-wirc  r e s i s t o r  coupled t o  t h e  e l o -  
v a t o r  nechc?nisrn provi&ed r m o t  c c o n t r o l  and indic-. l t ion of t h e  
e i cvp to?  anglc .  M;r*surcnent of t h e  9 . i l c ron  h inge  moment ws-s 
b y  int?p.ns of 2, t o r s i o r m l  strnir! gp-gc. It  vms necessary  t o  s e t  
t h e  s i i e r o n  n t  the d-esircd anx-l.c .. bcfore  each  t e s t .  Both 
g m e  s were cal  I br c? t e d- , be f o r  e t i) s tin g , by zppl  y i rz g km own 
moments t o  the c o 2 t r o l  s u r f c c e s .  

The eleva-tor  h inge  moment was measured by a-n e l e c t r i c  

. .  

' Photog?ephs of t h e  moc?el mounted i n  t h e  16-foot wind 
t u n n e l  . a re  shoxn i n  f i g u r e s  1 t o  5, p x d  a drz-wing of t h e  model 
i s  shown i n  f i z u r e  5. 

The chord and s1p;I-n of t h c  a u x i l i a r y  c o n t r o l  f laps  (fig. 5)  
wcrc 1 inch and 1 2  inches (rnociel s c d e ) ,  Tespec t ive ly .  The 
h inge  l i n o  w:xi a t  62.5 pe rcen t  of t h e  wing &or& between wing 
st,?tI.jni,ls 23 iv-7e.c 9"ng- 32 i;?c.k;.12s frcm t'l?C ccn tc r  1i . le.  The 
f l T - p s  were t c s t e d  F, t  a n r l e s  - o f  30° 2nd !!Jj0. 

The winp-profi le  mod.ificntion ( subsequen t ly  cp-lled t h e  
%Tin? bump) i s  shown I n  f i g u r z  7. A s  t h e  bump was on ly  0.G65g 
i n c h  t h i c k ,  i t  w3,s nnd-c o f  bcr?Ls?.ki'ood, g lued  t o  t h e  wing 
Su??f?.cC, ;ind c o n t o m ~ e d  froin t m p l a t C s  f u r n i s h e d  by t h e  mc?nu- 
f a c  t u r e r ,  

f 
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Thz d e f i n i t i o n s  o f  thc s;rr:.:bols uscb i n  t?-is r c p o r t  arc as 
follows: 

V 
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Subscqucnt discussions of s t n S i l i t y  i n  th+s r c p o r t  will r e f c r  
t o  t h c  lcft-hnnd ntlrr,bei- of t h c  e a i x t i o n .  

r 
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. results RS en  i n a i c a t i o n  of s t i ck - f ixed  s t a t i c  s t a b i l i t y .  

The detr of f i m r e  - 1 2  (1)  i n d i c a t e  i n s 3 a b i l i t y  above 0.7 .. i-ach nunbe? be tvecn  0.025 ,...nil- G . 1 0  K 2 C ~ .  These data ere 
f o r  t h e  c e n t e r  of  g r a v i t y  n t  25 p e r c c n t  of the  riiem aerody- 
n m i c  chord-. A rca?arzrd. movement of t h e  c e n t c r  of g r n v i t y ,  
by red-ucing (-Xfi~/&C~]-~; wou.ld- i r , c rease  thc s t ? + t i c  ins ta -  
b i l i t y  end  rcduce  the m.&n n w b e r  ot which t h e  c d r p l m e  
becomes uns tabie. 

Figure 1 2  ( b )  shows t',?z7t. bel.01~ 3.7k Xach .nunber 
( - & m / & ~ ) ? ;  ,s i s  p s i t i r c  f o r  2 , ~  centei*-of-mavitg - !Dositions 
back t o  40 6 c r c e n t . o f  t h c  mem aerodyne-mic chord. 
f i g u r e .  11 ind- icc tcs  tha t  be lox  C. 7 1li:cil number 
is CLthcr p o s i t i v c  o r  j u s t  s l i g h t l y  n e p t i v e  f o r  l i f t  cozf-  
f i c i e n t s  below t h c  st2,ll. St2,tic st ,?. 'nil i ty i s  therefore 
,-.ss-dred at t h e  lower IJach lii~rfil~crs ?-;en with thc c o f i t e r  ~f 
grr.vit .y n t  t h e  e s t i w - t e d  f a r t h e s t  a f t  l o c a t i o n .  

The pi tching-nozent  coef f ic ien t ,  contribu.tc6. by t h e  h o r i -  
z o n t n l  t n i l  v i t h  t h e  e lev~. t ;or  f ixed  (fig. 13) und-ergoes :: 
large d-ccrense f o r  const?.rit l i f t  c o e f f i c i e n t  zt hiqh I h c %  
nunbers. T h i s  chp.rF.ctcristic I s  t he  f r .c tor  contri6id.tinz most 
t o  s t p - t i c  i n s t : - h i i i t y .  It i s  cnused- by t h e  incre,-.sc i n  t h e  
m g l c  of n t t n c k  of t h e  25i-:>i?lanG necosG?Arg t o  maintrrin 2. 
con'stp,nt l i f t  c o e f f i c i e n t  9-t s u g c r c r i t i c a - 1  Kgxh nuqbcrs.  
T h i s  mgle-of-,?.ttF-ck incri?,o,sc redaces  t h c  download on t h c  
tail, ,n.nd- therefore t h e  pitching-rnonznt c o e f f i c i e n t .  (sI2c 
r e f  c r cncc  6 f o r  2. fur ther  ;..nc?.lysis of 2-ii&-spccd- 1ong"ltu.dinal 
i n s t z . b i l i t y .  ) 

e Also 
( d C r 2 / b X j ~ ,  6e  
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Thc c f f e c t  of  thc  t?,b on t h e  i3j.tch?in:;-nor2icnt c o c f f i c i c n t  
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* th?,t t h e  bump mnkcs t h e  moC.c?l s t c b l e  f o r  8. &kch numbcr as 
much ns 0,075 hi-ghcr. T h o  c f f c c t  of t h c  b m p  on t h c  l i f t  

gibla .  
~ c-.iib pitchIng-Roncnt cocf f i c i c n t  s with t;hc t r L 1  o f f  was ncg l i -  

For t h c  b m p  t e s t s ,  i t  will be n o t i c e d  thc?t t h e  dc tc  a rc  
cornpnred- ct ? n  c lcvator  ?.nF-le o f  -10. During the lz!.ttcr 
p a r t  o f  t h o  t e s % s ,  considcrr.blc d i f f i c u l t y  WL".S encountered 
with ths c-icvntor c o n t r o l  ncc.hnnism. A t  t h o  conclus ion  o f  
t h e  wirrg--'3uT?,p t e s t  the  c l e a n t o r  ~ x ~ l c  WPS mcasurcd m d  found 
t o  hc -lo, The possibi1i:y of ths angle  haviilg cbnngcd 
d u r i n g  t h c  t e s t  s c - m ~ s  r m o % c  i n  l i g h t  o f  tho fr?ct  thc-t a t  the 
l o i w r  Ikch  nurnbcrs, t h c  dntr. comp?.rc s o  well with those  
obtp-ined- f o r  t h z  nornnl  conf igurn t ion  a t  7-n clcv,--.?tor n.n@e 
o f  -10, 

The g r c s s u r o  d i s t r i b u t i o n  at wizg s t z - t i on  12  w i t h  and 
wi thou t  the  b m i p  is shown 2 2  f i g u r e  16 .  With th?c bump, t h e  
c r i t i c a l  M?.ch number of tSc  low& s u r f a x e  i s  approxiiflately 
C . 6 5 ,  whi lc  tha t  of tlw up1;cr surf,-.ct? i s  ?*pproxirntcly 
Reducing t h e  size of the  b.~..ii?p t o  m e t  t h e  o r i g i n z l  s p e c i f i -  
cp-tions would probably red.;-.cc thc  b c n c f i c i n l  e f f e c t s .  Thc 
broken 1i:ics in t h e  i2ressure-dis t r i b u t i o n  d- icgr?ns  i n d i c a t e  
t h e  ~ ~ ~ ~ ; r o x i n F , t c  p o s i t i c n  of t h o  comprcssion shock. The exnct  
p o s i t i o n  i s  c o t  known, tiue t o  t h e  s m a l l  number o f  prcssure 
o r i f i c c s .  The c r i t i c r . 1  Mw'l1 nunbors o f  t h e  wing r 2 t  t h c s e  
s t n t i o n s  .?,rc s'i?ov.m i n  f i g u r c  17. 

0.68. 

Pitching-momcnt c o c f f i c i c n t  due 2 0  n u x i l i a r g  cor, tr .ol  
f l a p s . -  Bcc?-.usc of t h c  l ~ z g c  dscrenscs i n  the  pitching-moment 
c o e f f i c i e n t  at hiel? Mnch nuebcrs with the c l c v c t o r  fixed-. t h e  

L 

u-3w&d e l c w , t o r  nns lc  rcciulrcd t o  b n l m c c  the  n i r p l m e  may 
become ve;-y k r g z  rnd t hc  p u l l  on the s t i c k  excess ive .  Thc 
usc  of nuxi l im-y c o n t r o l  fi.pVps i s  F. proven netilod o f  r educ ing  
t h o  c l e v ? t o r  ~ . q l c  r<nd. the s t i c k  f o r c e  c;n scvcr,ol high-spccd 
P - i rp l rnes .  
c o n t r o l  f k ,ps  on ano';hcr T,irpl?.nc model .  Aux i l i a ry  c o n t r o l  
f laps ,  t h e r e f o r e ,  were t e s t e d  on t h e  model. 

( SGZ r c f c r m c s  7 f o r  pe r fo rw-nce  of m x i l i - r y  

The increments  of ;>itchiiiz-monsnt c o e f f i c i e n t  due t o  t h e  
n e t  e f f e c t  of t h e  auxiliary cori t rol  f l a p s ,  and t o  t h e i r  
s e p a m t e  e f f e c t s  cn t h e  t a i l  plane end on t h e  wing, a r e  shown 
i n  f i p r e  1s. The p e a t e r  p a r t  o f  t h e  i n c r e a s e  of p i t ch ing -  
moment coe f f i cFen t  is due t o  the  d e c r e a s e  i n  ang le  of a t t a c k  

* t o  m V i n t s i n  a cof i s tnn t  l i f t  c o e f f i c i e n t  a f t e r  d e f l e c t i n g  t h e  



fl;rps. 
Pron t h e  inboai-d t ~ i s g  s e c t i o n  caused by t k e  f lags.  .The' e f f e c t  
o f  t h e  fl.aps on t k e  v i a g  i s  t o  dec rease  t h e  l j i t c h i n g  moment i n  
p r a c t i c a l l y  a l l  ca ses  sl?o~.m. 
t k e  rearmrd i o c R t i o n  of t h e  flaps on t h e  wing, th is  p o s i t i o n  
on t h e  a i rp la r ie  be ing  d f c t a t e d  only by s t r u c t u r a l  r e a s o m .  
A cornpr i son  of  f i g u r e s  12 arid 19 ixidicates  that d e f l e c t i n g  , . 

t h e  auxiliary c o i i t r o i  flaps w i l l  keep t h e  airp?.ane s t a t i c a l l y  
s t a b l e  Poi- 0.05 ~ a c h  numl-ter h;gher be twem o and 0.15 f . Z 2 C ~ .  
I n  a d t i i t i o n ,  t h e  n e t  e f f e c t  of tile f l aFs  Is %o\ increa . se  t h e  
pi tchins-mosent  c o s f f i c l e n t  throu&oxt t h e  Xsch number range  
( f i g .  la). This c h a r a c t e r i s t L c  ,red.c.ces t h e  upward e l e v a t o r -  
ang le  r e o u i r e d  f o~ balmce.  T h e  da ta . ,  however, sho~nr that i n  
mcst c ~ s e s  this C e s i r a S l e  9 -  e f f e c t  of t h e  fI.:~.:?s i s  d i n i n i s h i n c  
between 0.75 and a e S  i.;aci-: ngmber. Z t  i s  p o s s i b l e  that t h i s  
trend. :my cofi t inue ar,d t h e  flaps 
a t  somewhc..t hrpher Mach n-mbers . 13c.came o f  t h e i r  d e c r e a s i n g  
e f f e c t i v e n e s s  at hi@ i.92c'r.i nurnbers9 t h e  flaps are perhaps a. 
l e s s  d e s i r a b l e  Fieails of r e l i e v i n g  tlie l o c ~ i t u d i n a l - c o n t r o l  
d i f f i c u Z t i e s  o f  t h e  a i rp l a f i e  than. is t;h3 wing bu*mg. 

A sm,lI- y y t  i s  due t o  t h e  ;.ncrease l.n t h e  downwash 

This e f f e c t  i s  ;-wobal)ly Sue t o  

be weeless  o r  d e t r i n e n t a l  

E l e v a t o r  Hinge-Xoment C o e f f i c i e n t  

c 



. 
-5' t o  5' and, i n  gcnero.2, dec reases  s l i g h t l y  w i t h  Kach 
nilmbcr. These v a r i e t i o n s  i n  t h e  e f f e c t i v e n e s s ,  howcver, a re  
E O  s m e l l  3-s t o  bc unirnport?mt. The p r e d i c t c d  c o n t r o l  f o r c e s ,  
d i s c u s s e d  i n  c?, h t c r  s e c t i o n ,  i n d i c a t e  tiizt the  tab i s  suf- 
f i c i e n t l y  e f f e c t i v e  t o  trirr, the  a i r p l e n c  up t o  a.t lez.st 0 . d  
Mach number, t h e  l i r n i t  o f  t h e  t e s t s .  

prt?ssu.res Etcting on the b r h n c e  seal are shown i n  f i g w e  22. 
A leak a t  t h e  inboard  end of t h e  s e d  on t h e  l e f t  half of the 
e l e v a t o r ,  d i s c c v e r e d  a t  t i e  conclusion of the t e s t s ,  caused 
t h e  a b s o l u t e  nnagnitudc of t h e  pressirre c o e f f i c i c n t  n t  n e g a t i v e  
e l e v a t o r  a n g l c s  t o  be l e s s  at t h e  inbonl-2 s tp- t ion.  This leak 
w i l l  t c n d  t o  cause t h e  c a l c u l z t e d  s t i c k  f o r c e s  t o  be l a r g e r  
thc?ri? exper ienced  b y  t h e  nfrplc?,ne. HoTsJever, i t  should hsve no 
e f f c c t  on t h e  >itchir,g-rnommt c o e f f i c i e n t ,  and l i t t l e  e f f e c t  
on t h e  speed! a t  which t h c  s t i ck - ro rce  va r i z - t i on  becomes 
u n s t a b l e  * 

----- E l e v a t b  b d - n c c  pressure.- -- The c o e f f i c i e n t s  of t h e  

Elevp-tor Angle m r J  S t i c k  Force 

The e l e v z t o r  ang le  an6 c o q x t e d  s t i c k  f o r c e  a re  shovn as a 
f u n c t i o n  of v e l o c i t y  f o r  s e v e r n l  wing l oad ings  nnd ccnter-of- 
g r a v i t y  p o s i t i o n s  i n  f i g u r e  23. The e f f e c t  of the bump on 

. t h e  c o n t r o l  f o r c e  and a n y l e  d is  s h o m  i n  f i g u r e  24, a-d- thi: 
e f f e c t  of t h c  2.uxi l iary c o n t r o l  fl,-,]ps i s  shown i n  f i g w e  25. 
The dc?..ta a r e  shoJin f o r  se~.-le-\rcl mr? 20,000 f e e t  a l t i t u d c s .  
con clus i ons  with r c spe c t t o s t n b i l i  t y  c h w a c  t e r  i s  t i  c s similar 
t,cr t h c s e  made i n  d i s c u s s i n g  the pitching-moment c o e f f i c i e n t s  
can be de r ived  f rom t h e s e  deta. (The i n c r e e s o s  i n  t h e  e le -  
V a t O i 9  ang le  and i n  t h e  push recuired on t h e  s t i c k  w i t h  
i n s  r e c'? s i n  :: 613 e ed in21  c a t  e s t i ck- f ixod. ,ond- s t i clr- f r e c s tab il i t y 
r e s p e c t i v e l y .  ) Figure  23 sl?o.l.rs th?t an i n c r e a s e  i n  wing 
l o a d i n g  o r  a forward movement of t hc  c e n t e r  o f  VavVltY 
incre,-.ses b o t h  the stick-f'ixed and s t i c k - f r e e  s t a b i l i t y .  The 
r e s u l t s  inCi-cati3 th;?t t h e  zirala-na w i l l  becone unstc-ble,  
s t ick flxced above Fp;?roximwtelg 530 m i l e s  13cr hour  2-t sea 
l e v e l  and 430 miles per  GUT n t  20,300 f e e t  a l t i t u d e  (c+p?rox. 
0.7 Xach nunbcr In Sotl?,cc?.ses>. The p r e d i c t e d  e f f e c t  of t h e  
bump ( f i g .  24.) i s  t o  mniiltnin s t i c k - f i x e d  s t c . b i l i t y  through- 
out  tht. s p e d  r m s c  of the t e s t s  a t  s e a  level and- up t o  530 
m i l a s  per hour  at 20,000 f e e t  c l t i t u f t e .  A d e f l e c t i o n  of the 

E l e v a t o r  nnqle  and. s t i c k  f o r c e  2-s a func t ion  o f  ve loc i ty . -  

. 

t 
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flags g ives  a l z r s e  i n c r e a s e  i n  t h e  e l e v a t o r  ang le  and- in t h e  
push r e a u i r e d  on the  s t i c k  at a l l  speeds ( f i g .  2 5 ) "  The data 
i n d i c a t e  that  t h e  a i r p l a n e  will remi in  s t a b l e ,  s t i c k  f i x e d ,  
t o  a h i d i e r  speed with t h e  f l a p s  d e f l e c t e d  thm w i t h  t h e  
f laps  uij. 

F i s u r e s  26 and 27 show t h e  e f f e c t  of tab m c l e  on t h e  
s t i c k  f o r c e  f o~ t h e  noi-rna-1 and t h e  wing-bump colrf i g u r a t i o n s .  
These data ind- ica te  that the tab i s  capable  of  trimming t h e  
a i r p l a n e  up t o  speeds cor responding  t o  0 , g  Mach number, the 
l i m i t  o f  the  t e s t s  ( a p p ~ o x .  610 rr@i a t  s e a  l e v e l  and 570 mph 
a t  20,000 f t  a l t i t u d e ) .  The d x t a  a l s o  ind- ica te  that  s t i c k -  
f r e e  i n s t a b i l i t y  p i i l l  o c c w  a t  apj?roximately 570 miles  per 
hour  at sea  l e v e l  ai9d. 530 miles  pe2- hour at 20,000 f e e t  
a l t i t u d e  

-.-- St ick- force  E:-ad-ient.- The s t i c k - f o r c e  grad-ient  as a 
f u n c t i o n  of g.eometric overhawilz i s  shown f o r  t h e  normal center -  - ._ 
of-,r:-avity loc:?.t;ion i n  f i g u r e  2%.  .Y:he pr?Y.ieiit - is h i g h e r  
than thr:t rezomFen?-efi in refex-ence f o r  a l i m i t  load! f ac . to r  
of 26 (33 ;I? ;?er g )  even with a geometr ic  overhang cf 45 
p e r c e n t .  However, w i t h  t h e  c e n t e r  of g r a v i t y  a t  i t s  f a r t h e s t  
a f t  F o s i t i o n  and f o r  a Fceornetric overkimg o f  40.5 i3ercent, 
t h e  g rad ien t  i s  ve ry  small except  8.t t h e  h i g h e s t  s l x e d  
(fis- 2 9 ) .  It i s  g o s s i b l e  that  if $he e l e v a t o r  s e a l  had no t  
l eaked  , brie pred.icte6- s t i c k - f  o rce  .g-i-ad-ient , al thoEgh perhaps 
S a t i s f a c t o r y  f o r  t h e  normal l o c a t i o n  of  t h e  c e n t e r  of gravi ty;  
might have i i x l i ca t ed  overba lance  a t  t h e  f u r t k e s t  a f t  p o s i t i o n .  

4 1  

L i f t  and Dyag C h a , r a c t e r i s t i c s  

L i f t  c o e f f i c i e n t . -  The l i f t - c o e f f i c i e n t  data  a r e  pre- 
sented- 3.6 a c a r p e t  p l o t  in f i g u r e  33. 
l i f t  c o e f f i c i e n t  a t  c o n s t a c t  m r l e  of a t t a c k  dec reases  above 
about  0 69 Mac!i number f o r  l eve i - f  Light  coridi t i o n s  ( l i f t  
c o e f f i c i e n t s  up t o  approximately 0 .5  a t  0.69 ivlach n m b e r ) .  
T'r;,is Xach number i s  0.05 hligher t h m  t h e  c r i t i c a l  Kach number 
o f  t h e  wing (fi;. 17). The k r z e  L dzc rease  i n  bCi/da at 
s u p e r c r i t i c a l  i4c?.ci?- nxxbers i s  one f a . c to r  caus ing  t h e  i n c r e a s e  
ii? ang le  of a t t a c k  wlth Each nY-i?bei- necesse ry  t o  rna.ii?ta.in a 
cons tox t  l i f t  c o e f f i c i e n t .  Anotke-r f a c t o r  i s  t h e  i n c r e a s e  i n  
t h e  a n s l e  of z e r o  l i f t  indica,teSt i n  t h e  figure. T'nese 
f a c t o r s  a r e  l a x e l y  r e s p o n s i b l e  f o r  t h e  d e c r e a s e  i x  pi.tchirig'- 
R:oment c o e f f i c i e n t .  

The data show that t h e  



An 



--.--Ls- G l i S i n V  -.--- v e l o c i t y . -  The ve?-oc i ty ,  time t o  descend., and- 
the I k c h  numtser f o r  t h e  a l r p l m e  at  severF.1 @?-de m s l e s  
( f i g .  36j haac been CGmguted f o r  221'0 propeller t h r u s t .  How- I 

ma?, t h e  d- i f fe rencc  due t o  t h e  p?oi )e l lep  a t  t h e  ?!arger.gU.de 
r?.ngleg should be smz.11 because t h e  p r o p e l l e r  e f f i c i e n c y  
bccoxes s n a l l e r  a t  high ;.Inch numbsrs, and t h e  thru.st i s  s n a l l  
com;x!red with t h e  wefgh'c component j.n the  t h r u s t  d l r e c t i o n .  
F o r  examjAe f o r  XI a i r p l - m e  m i g h t  of 25,000 pou-nd-s, t h e  
t h r u s t  at normal  rated- power wou.ld be only 114 p r c e n t  of t h e  
weight coxponent i n  a 200 glide - (assuming a p ropu l s ive  
e f f ic ie i icy  of g0 i x r c e n t  2.t 0.  [ Xacln nuicber and. 10,000 f t  
a1 t i tude  1. 

The maximimi v e l o c i t y  and 2kch number p e d - i c t e d  f o r  t h e  
s e v e r a l  glid-ing an,gles i n  f i g u r e  36, to , re ther  w i t ? ?  t hose  f rom 
similar dstp-  f o r  other conf iaurp. t ions,  arc shown i n  f i g u r e s  
37 end 3g. The d t i t u d e s  P.t-'which the maximum v e l o c i t y  and 
Kach num3er are reached  iirz also shown. T k s e  figures show 
ths-t t h e  flaps could- be used 2-6 d i v ~  br&es i n  a d d i t i o n  t o  
t l i c l r  func t ion  of i r icreas2nc - the l l f t  c o e f f i c i e n t  a t  balance. 
T i i ~  30° xi6 45O f l a p  reduce  t h e  maximum predicted.  v e l o c i t y  
b y  20 m d .  4-0 miles  p e r  h o u r ,  iaespeot ively.  The maximum Mach 

' number i s  reduced by 0.025 cnd G.OL5. Coap8rin.g airplane 
wcizh t s  - of 25,090 c . d  35, CQO pound-s, t h e  rmyinun v z l o c i t y  
f o r  t h c  h?i?r,vicr load i s  between 20 znd. 30 E i l e s  per hour 
h ig lwr  , and the m . X i i I i J . ~ 2  Mnch nunbcr be tmcr, 0. 025 and 
0.030 l,..:i.g(.ei. (d-cpenc;inz or? tile glLCtng a y l e ) .  Tic ciata 
inc!j.cP.tc thc t  thc %r:my has no c!fT"ect on t h c  maximum v e l o c i t y  
o r  k c h  nusber cxccpt 3.t the 1iLgher E l i d i n ?  m g l e s .  

A i l e ron  Ckar ;? ,c ta r i s t ics  

Ro l i lnznomen t  and hinge-moment c o e f f i c i e n t s . -  The 
a i l e r o n  rollinc-momcnt aiid hinge-moaont cocf f i c i e n t s  are 

Angle 2nd k i h C C I  f o rce . -  The aileron angle  and wkeel 
f o r c e s  2.s f u n c t i o n s  o f  p b i 5 2 ~ ,  tk i t?  3 e l i x  a n g l e  of t h e  path of 
the wing %ip ,  nre  shovn i n  f i g i r e  I 4-0. Thc dat?. show t ha t  t h e  I 

i n c r e w e  i n  pb/2V t r l t l z  a i l e r o l z  angle i s  sri7.c...ller at; t h c  
higher mgl-es. The dc+tF- a l s o  indicn.te thr+t t h e  r i l c r o n  W ~ S  
n o t  powerful  enough at t h e  maximum m g l e  t e s t e d ,  as t h e  Army 





20 

c 



21 

APPENDIX 

St!.ck-Fixed S t a b i l . i t y  Cops ider ing  Flach ?Tu:nber 
i n  Adtiitio:! t o  L i f t  C o e f f i c i e n t  

The gene ra l  r e l a t i o n  f o r  the pitching-moaent c o e f f i c i e n t  
is 

o r  

The s u b s c r i p t s  t o  each d e z ~ i v a t i a e  i n d i c a t e  the  vayiables 
which a r e  hela cons t an t .  

For s t i c k - f i x e d  s t a . S f l i t y  

d6e = 0 

For  an  ~ - i r p l n n e  in s t e a d y  f l i g h t  8.t a cons t an t  a l t i t u d e  
and wing load . ing ,  and w i t h  t h e  tem:>eratwe remaining cons t en t ,  

t h e r e f  o r e  

and- 
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Figure 1.- !b oamplete 0.175-rcale podel of the  airplane i n  tb 
16-foot wind tunael. 

figure 2.- The 0.17S-roale model of  the airplane with the 
empennage removed. 



Figure 3.0 The empennage o f t h e  0.17S-seale model of the airplane. 



Figure 4.- The 0.175-soale model of the airplane mounted on the 
t i p  SuPpOFbS and three StX'Ut8. 

Figure 5.- The 460 auxiliary control flaps on the 0.175-soale 
model of the airplane. 
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